I
n-hospital cardiac arrest (IHCA) affects more than 200 000 inpatients in the United States annually. 1 The current literature reports significant variability across hospitals in IHCA survival rates ranging from as low as zero survival to 36.2% survival in an adjusted analysis of US hospitals in the Get With the Guidelines-Resuscitation (GWTG-R) Registry. 2 Survival and neurologic outcomes following IHCA have improved substantially over the last decade, yet the reasons for the improvements are unclear. 3 Some studies have suggested that patient outcomes are improved if the IHCA is witnessed, or if patients are in monitored settings. 4, 5 A consensus statement published by the American Heart Association in March 2013 highlighted variability in IHCA management plans across US hospitals, improved survival in patients with witnessed IHCA, and guidance on which patients would benefit from increased monitoring. 6 Prior work has shown, however, that hospitals differ in where IHCA occurs, and the degree to which hospitals are able to align with the recommendations outlined in the above guideline is not well understood. 5, 7 Understanding the current state of where IHCA locations differ in hospitals across the United States is an important step to identifying how to best direct location-specific efforts at reducing IHCA incidence and improving IHCA-associated morbidity and mortality. This study seeks to fill the knowledge gap regarding the location where patients suffer IHCA across US hospitals, the potential effect of location on survival, and the trends in location over time.
In this study, we sought to describe (1) patient and hospital characteristics of IHCA by hospital location, (2) the event rate and proportion of survival of IHCA occurring in the ICU versus inpatient wards (monitored and unmonitored beds), and (3) temporal trends in IHCA in the ICU versus inpatient ward over time.
Methods Design
We conducted a retrospective study using data from GWTG-R, formerly known as the National Registry of Cardiopulmonary Resuscitation. While this registry has been enrolling patients since January 2000, data on event location became well defined after 2003. In this database, a "cardiac arrest" event is defined as a resuscitation that requires chest compressions and/or defibrillation. 8 Event location was reported for each event using the Resuscitation Patient Management Tool provided by GWTG-R. The design of the registry has been described in detail elsewhere. 8 Institutions that do not staff an ICU were excluded from this analysis. This study was approved by the University of Pennsylvania Institutional Review Board. The requirement for informed consent was waived.
Study Population
We identified all IHCA events reported to the registry from January 1, 2003 to September 14, 2010. All patients over 18 years old were eligible for inclusion. Hospitals with fewer than 5 events per year, events outside of the hospital and in locations besides an inpatient ward or ICU were excluded (eg, procedure locations, delivery suite, ambulatory units, and the emergency department). Patients were categorized as being ward patients if they were reported to be in a general inpatient area, on telemetry, or in a step-down unit. Patients were categorized as being in the ICU if they were located in an adult ICU or cardiac ICU. Hospitals with missing data regarding inpatient bed-days were also excluded. By arrest location (ICU versus ward), we described patient, arrest, and hospital-level characteristics. Patient characteristics include age, sex, race/ethnicity, and pre-arrest comorbidities; arrest characteristics included initial arrest rhythm, and immediate cause of arrest; and hospital characteristics included hospital size (small, medium, large) and affiliation (academic, urban, private). Hospital characteristics were abstracted from the American Hospital Association Annual Survey.
Event Rate and Proportion of Survivors by Location (ICU Versus Inpatient Ward)
To calculate each hospital's event rate by location, we calculated the mean number of IHCA events divided by 1000 hospital bed-days. Hospital bed-days were selected as the incidence "denominator" measurement of the population at risk, analogous to person-time, 9, 10 as the true denominator of total admissions by location is not routinely reported by hospital and so it was not available. Hospital bed-days were estimated from data reported to the annual American Hospital Association survey and linked by GWTG-R statisticians with the closest year of data in GWTG-R. Using event data from GWTG-R (numerator) and hospital bed days (denominator), we were able then to calculate the rate of IHCA by hospital location (ICU versus inpatient ward).
Of IHCA events occurring in the ICU and inpatient ward, we also calculated the proportion of survivors to discharge by arrest location. This analysis was completed to describe the event rates for patients who arrested outside of the ICU but in monitored ward settings (ie, telemetry) versus unmonitored ward settings.
In order to describe an adjusted survival rate, we created a generalized estimating equation regression model to determine how the covariates affected the survival outcome. Covariates that were associated with outcome were accounted for in the adjusted results. The covariates included age, race, medical comorbidities, residence, cause of arrest, initial rhythm, timing of arrest (day/night/weekend) and finally, witnessed arrest.
Temporal Trends in IHCA in the ICU Versus Inpatient Wards
IHCA rates were plotted by year and by location to evaluate changes over the study period. The proportion of patients who survived IHCA to hospital discharge were plotted by location over the 7-year study time period to evaluate for a trend.
Statistical Analysis
Descriptive statistics were used to describe arrest locations (ICU versus inpatient ward) relative to patient, arrest, and hospital-level characteristics. Student t tests were performed for continuous variables and v 2 tests were used for categorical variables. P-values <0.05 were considered significant. We compared the mean IHCA event rate/1000 bed-days by hospital location (ICU versus inpatient monitored ward versus inpatient unmonitored ward) for all hospitals in the cohort. The proportion of survivors to events by location is also reported for the entire cohort and over the study time frame. Tests for significance were completed using ANOVA, and pairwise comparisons were made between the 3 varying patient settings.
Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc, Cary, NC). The Institutional Review Board at the University of Pennsylvania approved this study.
Results
There were 85 201 IHCA events at 455 hospitals included in the study cohort ( Figure 1 ).
Patient Demographics
Of IHCA, 59% (50 514) of events occurred in the ICU compared to 41% (34 687) on inpatient wards (P<0.0001).
Patients who arrested in the ICU were younger than ward patients (64AE16 versus 69AE14 years; P<0.0001), and were more likely to have preexisting hypoperfusion, pulmonary disease, renal and hepatic insufficiency, metabolic abnormalities, and sepsis (Table 1) .
Arrest Characteristics
Arrests characterized by pulseless electrical activity and asystole were predominant in both populations, with 80% of the ICU population suffering a nonshockable initial rhythm and 83% of ward patients arresting due to asystole/pulseless electrical activity. Patients who arrested in the ICU had a slightly higher rate of ventricular tachycardia or ventricular fibrillation versus patients on the inpatient wards (21% versus 17%, P<0.0001). In the ICU, the cause of IHCA was more commonly cardiac (69% versus 59%, P<0.0001) or metabolic (57% versus 31%, P<0.0001) ( 
Hospital Characteristics
There was a significantly higher proportion of IHCA in the ICU compared to the inpatient wards in all hospital types (Table 2) .
IHCA Event Rate by Location
The mean event rate of IHCA in the ICU was 0.337 (AE0.215) events per 1000 patient-bed days compared with inpatient ward patients dichotomized into either a monitored ward bed (telemetry) versus an unmonitored ward bed, which was 0.109 (AE0.079) events per 1000 patient-bed days and 0.134 (AE0.098), respectively. Using ANOVA, these event rates were statistically different (P<0.001). Via pairwise comparison, we found significant differences in event rate in the ICU versus monitored ward (P<0.0001), ICU versus unmonitored ward (P<0.0001), and monitored versus unmonitored ward (P<0.01) ( Table 3 ).
IHCA Survival: ICU Versus Inpatient Wards
On adjusted analysis, survival was best for patients in a monitored ward setting (19.3%) followed by ICU setting (14%) and finally an unmonitored ward setting (10.6%) ( Table 3) . These results represent survival in the wards and ICU and specifically exclude patients who arrest in other locations, including the emergency department and treatment areas within the hospital (Figure 1 ).
Temporal Trends in IHCA in the ICU Versus Inpatient Wards
The mean event rate of IHCA/1000 patient bed-days was also higher in the ICU across all years of the study (2003-2010) (Figure 2) . The proportion of patients who survived IHCA improved over the 7-year period and with greater improvement in survival rates observed in the inpatient ward than in the ICU setting (P<0.001) (Figure 3) .
Discussion
This study has 3 main findings: (1) Patient and hospital characteristics of IHCA vary when comparing events in the ICU versus inpatient wards. (2) IHCA is more common in the ICU than in inpatient wards. (3) Survival from IHCA on the inpatient monitored ward is higher than in the ICU, and survival from IHCA in an unmonitored ward setting has the worst survival.
In our study, most IHCA occurred in the ICU (59%), slightly higher than reports from smaller studies. 5 Prior work has suggested that location of IHCA is an important factor in patient outcomes, with significantly better outcomes for those that occur in monitored settings. [11] [12] [13] The drivers of improved outcomes in monitored settings such as the ICU are likely multifactorial including immediate availability of advanced life support, monitored and witnessed status of cardiac arrests, and greater nurse-to-patient ratios. 14 Additionally, there may be an element of selection bias in the ICU, where patients who are often unlikely to benefit from resuscitation have establishment of "do not resuscitate" policies. Given an expected mortality rate of 20% to 40% in the ICU and the introduction of rapid response systems to transfer high-risk patients to an ICU, a high rate of IHCA in the ICU seems consistent. 15 However, prior work has demonstrated that 78%
to 90% of ICU deaths occur after decisions to withhold or withdraw life support. 15 Therefore, it raises the question of whether the expected rate of IHCA in the ICU should be this high.
In addition to the ICU, our study investigated the event rate and survival of a second monitored setting, the inpatient ward telemetry bed. We found that these patients had a better chance for survival versus the ICU patient who is most often more critically ill and the unmonitored ward patient whose resuscitation may be delayed by a lack of timely detection. This finding supports a prior theory that early detection and rapid intervention impart improved outcomes, and not surprisingly, ward patients with less critical illness than ICU patients have a better chance for survival.
Our study findings also showed that over time there has been an increase in IHCA events occurring in an ICU setting, suggesting that hospitals may be attempting to concentrate patients at risk for IHCA in highly monitored settings. We specifically observed a slight increase in rates of IHCA in the ICU in 2008-2010. This could reflect the introduction of rapid response teams. In 2008, the Joint Commission mandated that all US hospitals implement a system to improve recognition and response to changes in a patient's condition. 16 A systematic review of studies evaluating the effectiveness of rapid response systems found that their implementation was associated with significant reductions in non-ICU IHCA. 17 However, this same study showed there was no overall mortality benefit. One possibility is that patients who experience a rapid response on an inpatient ward may be transferred to an ICU setting while at high risk for IHCA. However, IHCA may still happen quickly following transfer from an inpatient ward, leaving little time for critical care interventions. Our study shows that over the study time frame (2003-2010), survival improved with more improvement noted for IHCA on inpatient wards. The greater improvement in survival demonstrated when a patient is on the inpatient ward may reflect the relationship between severity of illness and survival after IHCA. Temporal improvement in survival regardless of IHCA location can be attributed to multiple potential factors including an increased emphasis on quality of resuscitation (high-quality chest compressions with limited interruption, early defibrillation) and the utilization of postarrest care bundles (eg, early cardiac catheterization, targeted temperature management, and hemodynamic optimization). 18 We propose that greater advances in IHCA survival might be realized with careful attention to the assignment of patient location for individuals at risk for catastrophic events such as cardiac arrest. Identifying the patient most at risk for decompensating is a complex task and given limitations in resource allocation, it is not feasible to place all patients in critical care beds. However, our findings indicate that patients who suffer IHCA survive at higher rates in monitored settings (ICU and telemetry units). Preventing IHCA will always be the better alternative for improving overall patient health outcomes; however, placing at-risk patients with a high likelihood for IHCA in monitored settings may contribute to furthering the already observed trends in improved survival after IHCA. Further study to identify these individuals at risk for IHCA will potentially contribute to improved outcomes or better yet, prevention of IHCA.
Limitations
Limitations of our study are consistent with those of large multicenter databases. Participation in GWTG-R is voluntary and represents %15% of hospitals in the United States. It is therefore possible that nonparticipating institutions may be different from those hospitals choosing to participate. To date, however, GWTG-R is the largest global registry of IHCA and findings from this data set have impacted national and international resuscitation policies and guidelines. Although this data set includes significant hospital-level data, there were limitations. One limitation of this data set is that overall hospital occupancy is unknown, and therefore, we are unclear how this factor may affect patient location and therefore, patient location when they arrest. We could not adjust for severity of illness or source of admission, which may significantly affect whether a patient carried a "do not resuscitate" order or individual wishes regarding specific goals of care. We also could not adjust for the presence or lack of a "rapid response system," which may impact the location of IHCA but was not available for all years of the data. We also report event rates by hospital types, but there is likely confounding across hospital types (eg, academic and size) that may account for some of the variations in rates. We compared ICU to inpatient wards and recognize that there is variability across hospitals in how these areas are accessed, staffed (eg, patient-to-provider ratio, provider training, provider coverage days versus nights), and monitored (eg, telemetry, virtual tracking). 19 Finally, we
give event rates per 1000 hospital bed-days, but are unable to account for all bed types. Our overall estimation is that ICU and ward beds account for the majority of hospital bed-days; however, the number of observation beds was not accounted for in this analysis, as we did not have that level of specificity from each hospital reporting data. Additionally, we are not aware of any source that has bed days by location, so we were limited in our application of total hospital bed-days by location, which may introduce bias in our estimates.
Conclusions
Over half of all IHCA occurs in the ICU, where patients are highly monitored and resources are intense. However, patients in the ICU are critically ill and therefore successful resuscitation after IHCA with meaningful survival is complicated by the underlying pathophysiology that required the initial ICU admission. IHCA also occurs at a high rate on inpatient wards and while some of these events are unpredictable, monitoring that potentially could lead to earlier recognition may impart better survival outcomes. Understanding who is at highest risk for IHCA and placing those individuals in the best setting for high-level resuscitation is of utmost importance. Further work identifying the patient-level predictors of cardiac arrest and factors that most contribute to improved outcomes will be important in helping providers and hospitals implement 
